The objectives of this study were to investigate the agreement between medical history questionnaire data and claims data and to identify the factors that were associated with discrepancies between these data types.
INTRODUCTION
An individual's medical history provides key information for predicting the prognoses of patients with non-communicable diseases, particularly during initial visits in outpatient clinical settings. Most physicians consider the medical history to be more important than a physical examination or laboratory results [1] . The medical history is also pertinent to research that deals with risk assessment for morbidity and mortality. Self-reported questionnaires and hospital medical records are the principal sources of collected information on medical history.
The accuracy of reporting an event of interest may be subject to information bias based on the degree of detail required for the respondent to recall, significance of the event to the respondent, social acceptance of the event, time since the event, and memory decay [2, 3] . Information bias may reduce the accuracy of self-reported questionnaire data [4] . In several studies comparing data from self-reported questionnaires and patient medical records, the level of agreement was found to differ according to diagnosis, patient characteristics, and study design [5] [6] [7] [8] [9] . For example, the rates of agreement in several studies were typically high for patients with diabetes mellitus (DM) but were inconsistent for patients with hypertension, stroke, or myocardial infarction. Rates of agreement also tended to be lower in patients who were older, men, less educated, and had multiple comorbidities [5] [6] [7] [8] .
In secondary data sources that are used in health research, the medical history is generally obtained through self-reported questionnaires due to cost limitations and privacy concerns with obtaining data directly from hospital records. The accuracy of self-reported responses and the data discrepancies between subgroups of patients are important concerns that have not yet been fully investigated. Previous studies have been limited by small sample sizes (roughly 8000 participants or less) [5] [6] [7] [8] [9] , and most studies have focused only on middleaged or elderly patients [5] [6] [7] [8] . In South Korea (hereafter Korea), claims data for the entire healthcare system (inpatient, outpatient, emergency, and pharmacy) are collected through a nationwide single insurer, the National Health Insurance Service (NHIS). Claims data from more than 99% of healthcare utilization services in Korea are transferred electronically to the NHIS and the Health Insurance Review and Assessment Service. The NHIS has also launched the National Health Screening Program, which enrolls more than 10 million individuals every year and includes detailed questionnaires on medical history. Screening programs that include a general health screening, cancer screening, transitional age screening (for individuals between 40 and 66 years old), and early childhood screening (for individuals younger than 7 years old) cover the Korean population across all age groups [10] .
The aim of the present study was to measure the level of agreement between medical history questionnaires that were collected from a national general health screening database and disease status, which was collected from national health claims data that cover the entire population of Korea. We also investigated the factors that were associated with discrepancies between these data types in order to examine the role of information bias.
METHODS

Data Sources and Study Participants
The NHIS provides nationwide secondary data through the National Health Information Database, which includes an eligibility database, a general health screening database, and a healthcare utilization claims database [11] . The eligibility database contains data on income and other socio-demographic variables for the entire Korean population (roughly 50 million people). The general health screening database contains selfreported questionnaire data on individual and family medical history as well as data on lifestyle and behavior variables (smoking, alcohol consumption, and exercise). Anthropometric measurements (height, weight, waist circumference, and body mass index) and bioclinical laboratory results (e.g., systolic blood pressure and diastolic blood pressure, fasting blood glucose, hemoglobin, cholesterol, and liver enzyme levels) are also included. The entire Korean population 40 years of age or older as well as employed and self-employed individuals who are insured and younger than 40 years old are eligible for biennial screenings. Manual workers are eligible for annual screenings. In 2014, 74.8% of eligible individuals participated in a health screening [12] .
A total of 13 281 550 individuals participated in health screenings in 2014. From this sample, those who were missing data, who did not respond to the medical history questionnaire, or who had temporarily lost eligibility during the study period (due to a long trip overseas or military enlistment, for example) were excluded from the analysis. The final analytic sample consisted of 12 668 931 participants.
Variables
Participant data from self-reported questionnaires in 2014 that assessed an individual's history of hypertension, DM, dyslipidemia, stroke, heart disease (myocardial infarction/ischemic heart disease), and pulmonary tuberculosis were collected from the general health screening database. The questions in the general health screening questionnaire asked whether the participants had ever been diagnosed with the aforemen-tioned diseases. The history of these diseases was collected through primary and secondary diagnosis codes from a healthcare utilization claims database between 2009 and 2014 using the following Korean Standard Classification of Disease codes that originated from the International Classification of Disease, 10th revision: (1) hypertension: I10, I11, I12, I13, I15; (2) DM: E10, E11, E12, E13, E14; (3) stroke: I60, I61, I62, I63, I64; (4) heart disease: I20, I21, I22; (5) dyslipidemia: E78; and (6) pulmonary tuberculosis: A15, A16. The Charlson comorbidity index (CCI) for the status of multiple comorbidities was calculated from the primary and secondary diagnosis codes of all individuals in the healthcare utilization database in 2014.
Statistical Analysis
The overall level of agreement, sensitivity, and specificity were calculated. Sensitivity was defined as the percentage of participants who responded in the questionnaire that they had one of the listed diseases out of all patients in the claims data with that disease. Specificity was defined as the percentage of participants who responded in the questionnaire that they did not have one of the listed diseases out of all patients in the claims data who did not have that disease. Cohen kappa coefficients were also calculated. A kappa value of less than 0.40 was considered a poor level of agreement, a kappa value from 0.40 to 0.74 was considered a fair to good level of agreement, and a kappa value from 0.75 to 1.00 was considered an excellent level of agreement, as suggested by Fleiss [13] .
In order to identify the impact of memory decay following diagnosis, claims data were analyzed by dividing the data into 3 overlapping time periods: 2013-2014 (from January 1, 2013 to 1 day before screening), 2011-2014 (from January 1, 2011 to 1 day before screening), and 2009-2014 (from January 1, 2009 to 1 day before screening). The 3 time periods thus included claims data up to 1, 3, and 5 years before the self-reported questionnaires in 2014 were completed. There was no information about the time of diagnosis in the medical history questionnaire, so the time periods were set according to the claims data. The analysis was performed based on 2 categories of diagnosis codes: 1) primary diagnosis codes only and 2) primary diagnosis codes as well as 4 secondary diagnosis codes (for a maximum of 5 diagnosis codes).
In order to investigate the factors associated with discrepancies between questionnaire data and claims data, multiple logistic regression analysis was performed using the primary diagnosis codes in claims data up to 1 year before the self-reported questionnaire. This was done to minimize bias related to memory decay, as the analysis was intended to be focused on the differences between self-reported data and medical claims data. The outcome variables that were calculated were sensitivity (having a disease according to the claims data) and specificity (not having a disease according to the claims data). The independent variables in the model included age, gender, insurance type, insurance contribution, residential area, and CCI score in 2014.
The study protocol was approved by the institutional review board of the NHIS (Sa-2016-HR-02-015). Despite the approval to use the data for research (NHIS-2017-1-019), the results of our study do not represent the official opinion of the NHIS.
RESULTS
General Characteristics of Study Participants
General characteristics of the study participants are presented in Table 1 . The largest age group was ≤39 years old (26.2%), followed by 40-49 years old (25.8%), 50-59 years old (24.5%), 60-69 years old (14.4%), and ≥70 years old (9.2%). There were slightly more men (53.4%) than women (46.6%) in the study. The majority of participants were employed and insured (60.7%), followed by dependents of employed individuals (20.2%), self-employed individuals (10.9%), family members of self-employed individuals (7.0%), household Medical Aid beneficiaries (1.0%), and family members of Medical Aid beneficiaries (0.2%). Insurance contributions served as a proxy indicator for income level. The majority of participants were in the third quintile (22.7%), followed by the fourth quintile (22.1%), the second quintile (20.9%), the fifth quintile (19.8%), and the first quintile (14.6%). Roughly 80% of participants had a CCI score of 0 or 1. Most participants lived in a metropolitan city region (47.6%), followed by metropolitan areas (44.3%) and rural areas (8.1%). Hypertension was the most common of the 6 diseases according to both the questionnaire data (18.0%) and claims data (17.1%, primary diagnosis codes from 2013-2014). Stroke was the least common condition in the questionnaire data (0.8%), and pulmonary tuberculosis was the least common condition in the claims data (0.2%, primary diagnosis codes from 2013-2014). In both the questionnaire data and the claims data, DM was the second most common condition (6.6 and 7.0%, respectively), and dyslipidemia was the third most common condition (4.2 and 5.5%, respectively).
Overall Agreement, Sensitivity, Specificity, and Kappa Statistics
The overall agreement, sensitivity, specificity, and kappa values are presented in Table 2 . The claims data based on primary diagnosis codes up to 1 year before the self-reported questionnaire showed higher levels of agreement with questionnaire data than did claims data based on primary and secondary diagnosis codes up to 5 years before self-reported data. Specificity was highest when comparing the questionnaire data with claims data based on primary and secondary diagnosis codes up to 5 years prior to the self-reported data. When comparing data based on primary diagnosis codes up to 1 year before the self-reported data, the overall agreement, sensitivity, specificity, and kappa values for the 6 diseases ranged from 93.2 to 98.8%, 26.2 to 84.3%, 95.7 to 99.6%, and 0.09 to 0.78, respectively. When comparing data based on primary and secondary diagnosis codes up to 5 years before the self-reported data, the overall agreement, sensitivity, specificity, and kappa values for the 6 diseases ranged from 67.4 to 98.0%, 10.7 to 66.3%, 99.0 to 99.8%, and 0.13 to 0.73, respectively.
When comparing different diseases based on primary diagnosis codes up to 1 year before self-reported data, the overall agreement and specificity were highest for stroke (98.8 and 99.6%, respectively), and the sensitivity and kappa value were highest for hypertension (84.3 and 0.78, respectively). The level of agreement was excellent for hypertension (0.78) and DM (0.76), fair to good for stroke (0.41) and heart disease (0.48), and poor for pulmonary tuberculosis (0.09) and dyslipidemia (0.26).
Logistic Regression Analysis for Discrepancies Between Data Types
The results of the multiple logistic regression analysis that identified discrepancies between the questionnaire data and the claims data regarding participant characteristics are presented in Tables 3 and 4 . Men patients had lower odds of a negative response on the questionnaire, except for hypertension and dyslipidemia (adjusted odds ratios [aOR], 0.64 to 0.82). Similarly, patients aged 70 years or older had lower odds of a negative response on the questionnaire than those aged 39 years or younger, except for pulmonary tuberculosis (aOR, 0.16 to 0.99). Patients who were employed had higher odds of a negative response on the questionnaire than those who were unemployed (aOR, 1.07 to 1.53). Lastly, patients who lived in a metropolitan city had lower odds of a negative response on the questionnaire than those who lived in rural ar- 
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eas (aOR, 0.67 to 0.96). Among patients not identified by the claims data, the following groups showed greater odds of a positive response on the questionnaire: men (the aOR for men compared to women ranged from 1.16 to 1.75, except for dyslipidemia), older individuals (the aOR for individuals aged 70 years or older compared to individuals aged 39 or younger ranged from 2.09 to 18.43), participants who were unemployed (the aOR for employed individuals compared to unemployed individuals ranged from 0.49 to 0.92, except for dyslipidemia and pulmonary tuberculosis), and those who lived in a non-rural area (the aOR for those living in a metropolitan city compared to a rural area ranged from 1.19 to 1.71, except for stroke and heart disease).
DISCUSSION
In this nationwide study including self-reported data and claims data for more than 12 million individuals, the level of agreement between the questionnaire data and medical claims data varied by disease and participant characteristics. Based on kappa statistics, the level of agreement was excellent for hypertension and DM, fair to good for stroke and heart disease, and poor for tuberculosis and dyslipidemia. Women, younger participants, and those who were employed were most likely to under-report their disease status, whereas men, older participants, and those who were unemployed tended to over-report their disease status.
The discrepancy between the self-reported disease data and claims data also differed by diagnosis time and the priority of the disease codes in the claims data. Agreement was greatest between the questionnaire data and the claims data that contained more recent diagnoses and were based on primary diagnosis codes. Six major factors have been identified as possible influences on memory decay, including characteristics related to the event of interest (recency, attributes, and complexity) and characteristics related to the context of the event of interest (salience, patient experience, and mood) [14] . The effects of recency were confirmed by the analysis of different diagnosis periods, while the importance of salience was supported by results for the different categories of diagnosis codes. Our results regarding the time lag between diagnosis and self-reported disease were consistent with the results of previous studies that investigated information bias in relation to the timing of memory decay [15] . Hypertension and DM exhibited high levels of agreement between self-reported data and medical claims data. These findings were consistent with results from previous studies of DM [5] [6] [7] [8] [9] . Stroke and heart disease showed fair to good levels of agreement in our study, a finding that is also consistent with the results of previous studies on hypertension [8, 9] . The lowest levels of agreement in our study were observed for pulmonary tuberculosis and dyslipidemia. The poor levels of agreement for these conditions may have stemmed from several factors. Patients with infectious diseases, such as tuberculosis and human immunodeficiency virus, are frequently exposed to societal stigma [16] . This may partly explain the low sensitivity observed for pulmonary tuberculosis, as patients may have been reluctant to report their disease status. Additionally, dyslipidemia may also be referred to as hyperlipidemia, hypertriglyceridemia, and hypercholesterolemia. The use of these various terms may affect an individual's recognition of dyslipidemia as well as adherence to medication [17] , which in turn could plausibly reduce the accuracy of self-reported disease status.
Employed participants were more likely to under-report their own disease status than unemployed participants. Since questionnaire data were obtained through the national health screening program in Korea, responses may be have been influenced by employment status. Although confidentiality concerns prevent data obtained from an individual during a general health screening from being reported to a company's health manager, the health manager may be notified of rates of disease at an aggregated company level. Thus, participants may still choose to hide their disease status in order to avoid further evaluation.
The prevalence and severity of chronic disease were notably lower among younger individuals than older individuals. This could potentially be attributed to younger individuals who take their diagnoses of a chronic disease and their disease status less seriously than older individuals, which may lead to a decrease in disease awareness and decreased adherence to medication [18] . Conversely, a tendency to over-report was observed among the elderly participants. However, the limit of 5 diagnosis codes in the claims data could have possibly excluded even more secondary diagnosis codes for hospitalized elderly patients than younger patients.
Women were more likely to under-report disease status than men in our investigation. This trend has been observed in previous studies [6] [7] [8] . However, studies investigating pain sensitivity and activity limitations found that women were more sensitive to symptoms than men, and it has been hypothesized that this is due in part to cultural-specific gender roles [19, 20] . Various methods, including self-reported questionnaires and laboratory testing, are used to calculate the prevalence of disease at the population level. As a result, prevalence rates calculated from the same population over the same time period may differ depending on the data sources used. For example, the prevalence of DM in a study in the US was found to be 4.1% in men and 5.6% in women based on survey questionnaire data from the Behavioral Risk Factor Surveillance System in 1990 [21] . Conversely, the prevalence of DM in another study from the US was estimated as 8.4% in men and 7.7% in women based on laboratory tests and survey questionnaire data from the National Health and Nutrition Examination Survey (NHANES) for the time period of 1988-1994 [22] . We found a higher prevalence for DM in women than in men according to survey questionnaire data, which may partly stem from underreporting by men and over-reporting by women. In the NHANES that was conducted in the US, hypertension was defined as a systolic blood pressure ≥140 mmHg, a diastolic blood pressure ≥90 mmHg, or current use of prescription medication to lower blood pressure. In one study using this definition, the prevalence of hypertension did not differ between men and women, but rates of treatment and awareness, which were based solely on questionnaire data, were higher among women than men [23] . In light of different reporting patterns across subgroups, these findings highlight the importance of equity issues that are related to gender, age, and employment status. Our results suggest that prevalence rates that are calculated from questionnaire data may underestimate the true disease prevalence among women, younger individuals, and those who are employed. This may lead to bias away from the null in epidemiologic studies [4] , which could reduce internal validity by exhibiting larger differences than those that truly exist. Furthermore, under-reporting of disease may lead policy makers to neglect opportunities for intervention based on the reporting of inaccurate prevalence rates.
In light of the reporting patterns among patients, more precise diagnoses and treatments are required to achieve good prognoses for those who under-report disease. Estimating accurate, national-level descriptive statistics is essential for es-tablishing effective and equitable health policies. Our study identified differing levels of agreement between self-reported data and claims data according to disease type, diagnosis period, and patient characteristics using a large, nationwide, population-based data set. Our study was also able to identify more patient characteristics that were associated with information bias than previous studies. However, there were several limitations to our research. First, the accuracy of diagnoses may be influenced by the fee-for-service reimbursement system, which can result in upcoding in claims data [24] . This means that claims data may not be reliable and that there was a possibility that both the questionnaire data and the claims data were inaccurate. However, we applied various analytic methods to the claims data in order to overcome this limitation. Second, we did not consider the impact of medication. While medication was not a primary concern in this study, there was a potential interaction between reporting a diagnosed disease and history of medication treatment.
